Core lab adjudication of angiographic reperfusion using the Thrombolysis in Cerebral Infarction (TICI) scale has been an integral component of endovascular stroke therapy trials. [1] [2] [3] [4] [5] [6] [7] Despite the specific definitions published on the TICI scoring and its fundamental role as a quality measure in certifying stroke centers, 6 its application at local stroke centers continues to vary. 8 This variability prompted multiple revisions and modifications of the scale. At the same time, the implied equivalence of success in endovascular therapy with more complete reperfusion (i.e., higher TICI scores) prompted some trials to reduce the scale to a dichotomous outcome. For instance, the use of a threshold score of 2B or more in the modified TICI (mTICI) (≥50% reperfusion of the territory downstream of the occlusion) has been widely used to define successful reperfusion after endovascular therapy (Table 1) . 9 This enforced an inherent bias to overcall TICI scores and subsequently inflated the number of successful procedures. It is not uncommon to see a TICI score of 3 ascribed despite subtle filling defects or delay in contrast opacification on final angiography images. A final TICI score of 3 in these cases ignores the potential interaction between some of these findings with individual patient pathophysiology and biological factors such as collateral status that may alter the degree and topography of reperfusion.
Core lab adjudication of angiographic reperfusion using the Thrombolysis in Cerebral Infarction (TICI) scale has been an integral component of endovascular stroke therapy trials. [1] [2] [3] [4] [5] [6] [7] Despite the specific definitions published on the TICI scoring and its fundamental role as a quality measure in certifying stroke centers, 6 its application at local stroke centers continues to vary. 8 This variability prompted multiple revisions and modifications of the scale. At the same time, the implied equivalence of success in endovascular therapy with more complete reperfusion (i.e., higher TICI scores) prompted some trials to reduce the scale to a dichotomous outcome. For instance, the use of a threshold score of 2B or more in the modified TICI (mTICI) (≥50% reperfusion of the territory downstream of the occlusion) has been widely used to define successful reperfusion after endovascular therapy (Table 1) . 9 This enforced an inherent bias to overcall TICI scores and subsequently inflated the number of successful procedures. It is not uncommon to see a TICI score of 3 ascribed despite subtle filling defects or delay in contrast opacification on final angiography images. A final TICI score of 3 in these cases ignores the potential interaction between some of these findings with individual patient pathophysiology and biological factors such as collateral status that may alter the degree and topography of reperfusion. 10 Furthermore, the tendency for overcalling TICI scores widened the gap between the neurological outcomes of patients and the described angiographic success. A recent modification incorporating TICI 2c (also known as the expanded TICI [eTICI]; Fig. 1 ) have been adopted by the core lab in the Highly Effective Reperfusion Evaluated in Multiple Endovascular Stroke Trials (HERMES) collaboration analyses. 11, 12 The use of the eTICI is supported by data showing its strong correlation with clinical outcome. 13 The success of endovascular thrombectomy (EVT) procedure centers on achieving fast and complete reperfusion. Angiographic assessment of reperfusion was originally reported using the Thrombolysis in Cerebral Infarction (TICI) scoring published in 2003. Since then, the TICI scoring underwent multiple modifications leading to different interpretations which negatively impacted its reliability. We discuss the implications and nuances of unifying angiographic reporting using the expanded TICI (eTICI) scoring system which was used to report the angiographic images of patients enrolled in the Highly Effective Reperfusion Evaluated in Multiple Endovascular Stroke Trials collaboration. We propose the use of this eTICI scoring as a reference in core labs of future EVT trials and in clinical practice. We also discuss solutions to help to bridge the gap that currently existsAlmekhlafi MA, et al. TICI at the Core Lab
The mounting data from stroke trials, registries, and practice of endovascular therapy emphasize the important role of the independent assessment of a core lab for the standardized implementation of the TICI scale.
The core lab bears considerable responsibility for the impact of any endovascular stroke trial, registry or multicenter study. Device-induced therapeutic recanalization of an arterial occlusion in the cerebral circulation 
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is the obvious mechanism of potential benefit, whereas the resultant reperfusion in the downstream territory is one of the key biological determinants of subsequent outcomes. All endovascular devices developed to date focus on recanalization and only indirectly culminate in reperfusion. Thus, trialists and sponsors may wish for "lenient/generous" interpretation of the TICI score by core labs as higher TICI scores (or percentages) may potentially be used for marketing or establishing the superiority of technique A vs. technique B or device A vs. device B.
A considerable gap still exists between those with angiographic success and clinical outcomes. [14] [15] [16] The core lab should objectively score the angiographic results without proclivity in any regard. It should also be blinded to clinical data, divorced from any statistical analyses and properly credited for their scientific contributions. The reputation of a core lab should be founded on a track record of experience, capability in managing voluminous datasets, systematic methods free of bias, and timely interpretation of imaging. Trialists or sponsors partnership with "lenient" core labs may be counterproductive when the clinical outcomes do not mirror overrated angiographic success. Additionally, we collectively need to reduce inter-observer variability among core labs through education and accreditation. This raises the question of who is qualified to teach and/or accredit? The resulting controversy may render this approach ineffective. Another potential approach could be to create a detailed grading system that allows for many of the subtleties of image interpretation. This again may make the scale impractical since simplicity is a key determinant of the success for any scale. Finally, semi-automated quantitative methods that quantify volume and extent of collateral blush may increase robustness of perfusion assessment. This may be technically challenging given the many variables that could influence the results including rate of contrast injection, field of view, projection and length of the acquisition etc. We propose a practical solution by creating a library of cases incorporating all the common variants and to provide a consensus read by experts. This will form a 'go-to' reference library that core labs can consult for revising or comparing an individual tough case against a library of such cases. Such an expert dataset could also point to common pitfalls, errors and biases. The efforts to enhance core labs quality can only be achieved if the exact application of the TICI scoring system are clarified. When the majority of subjects in every study achieve greater than TICI 2A reperfusion, it becomes paramount that scoring systems discriminate even seemingly subtle variation in reperfusion. Such attempt was done for scoring the quality of reperfusion in the HERMES collaboration meta-analysis. The TICI-2b reperfusion was further classified into 2b-50, and 2b-67. 12 Although the difference in outcomes between these two categories was significant, these refinements can be hard to implement in routine practice. Other Factors that can be considered include heterogeneity and topography of reperfusion, and the functional eloquence of different brain regions. On the other hand, there are potential important considerations in cases that do not achieve TICI 3 flow. Possibilities include inadequate recanalization of the original occlusion, embolus into a smaller branch distal from the original clot, or due to absence of demand from the tissue (akin to the no-reflow phenomenon: opening the vessel that is supplying dead brain). There is also the possibility that perfusion may continue to improve after the procedure aided by the restored flow and innate thrombolytic mechanisms. This may partly explain the difference in the incidence of emboli in new territory and infarcts in new territory: not every new embolus results in an infarct. 12 As efforts to improve the scoring systems move forward, it is important to consider these scenarios in the development of tools to accurately assess the quality of reperfusion. The angiography data of endovascular stroke studies have tremendous value if properly analyzed by an experienced core lab. Many lessons may be learnt on angiography, yet even the mere accurate TICI scoring carries great value. The assessment of technical strategy and efficacy of a particular device could be assessed by accurate, standardized TICI reporting. Refinements of the endovascular techniques may also be gained from detailed TICI analyses. Data sharing enables the pooling of multiple trials or studies at the individual patient level for angiographic comparisons. The stroke community should be cautious of comparisons across trials read in different core labs until identical and systematic methodology in TICI scoring is used. In routine clinical practice, the success and quality of endovascular ther- Almekhlafi MA, et al. TICI at the Core Lab apy may be ill-described by local investigators scoring their own cases especially when influenced by knowledge of the clinical outcomes. Local versus central core lab readings may serve as an important educational tool and the resulting datasets may be archived as a rich resource to teach future generations. Current TICI scoring systems including eTICI do not incorporate the efficiency aspect of the procedure. As we have increasingly robust data regarding 'time is brain', 17 trialists and industry may wish to incorporate a component of the ease with which a high-quality reperfusion (eTICI 2c or 3) has been achieved. This could be in terms of time (e.g., within 2 minutes or reaching the carotid; 2-5 minutes or >5 minutes) or number of passes (one pass, two passes or more than two passes). The importance of complete reperfusion (TICI-2c or 3) with first deployment of retrievable stent, described as first pass effect, is emphasized in a recent report from the North American Solitaire Acute Stroke Registry database describing significantly higher rates of good functional outcomes with first pass effect. 18 Many trials did not capture that degree of detail from the procedure, making these aspects difficult to assess. In addition, current scores do not take the primary occlusion site into consideration. To illustrate, reperfusion of an M1-level occlusion is given equal weight to reperfusion on an M2 occlusion despite the different areas of perfusion deficit and the different outcomes of these occlusion sites. In summary, TICI (especially the eTICI score used in the HERMES analysis) is at the core of endovascular stroke therapies, underscoring the pivotal role of a core lab. The job of a core lab is simply defined as reliably interpreting the imaging data independent of any bias, yet its impact is profound. Education especially by creating a library of cases may improve standardization. In light of the ever-increasing, large datasets, there is the potential to extract greater information from the final angiographic runs. These may be invaluable in the evaluation of new adjunctive therapies. In the meantime, we should refrain from comparing techniques, therapies, or centers based on comparing TICI scores from different core labs. Ongoing and future trials are encouraged to capture greater degree of procedural details to allow further refinement of reperfusion assessment and incorporating procedural efficiency and ease.
